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ABSTRACT 


• This thesis presents data on the adsorption of two dyes, 
Methylene Blue (cationic) and Sulfur Blue (anionic) hy three different 
adsorbents, viz., Kaolinite Clay, Kbntmorillonite clay and Activated 
Carbon. The experiments were designed to study two aspects: .(l ) Kinetics 
anu (2 ) Parameters- These led to some conclusions about the 
mechanism of the adsorption processes. .■*■•■■■■■ 

Methylene Blue is adsorbed at continuously decreasing 
rates from 10 mg/g.min to 0.07 mg/g.min by mohb'uorillonite, 

16 mg/g.min by kaolinite and 0.36 mg/g.min by activated carbon. 

The adsorption capacities for this dye are O.72 m.eq/g in the case 
of montmorillonite, 0.32 m.eq/g for kaolinite and 0.21 m.eq/g for 
activated carbon. ^ 

■ The adsorption of Methylene Blue is irreversible 
(no desorption ) up to a level of 60 m.eq/100 g of montmorillonite 
and 5 m.eq/100 g of kaolinite. These numbers are e3®.ctly equal to 
the cation Exchange Capacity (CBC) of the clay minerals. For dye 
concentrations above these levels, the adsorbed dye can be readily 
desorbed in distilled water until the adsorbed concentration falls 
back to CEO. These data support the existing hypothesis that cley 
minerals remove Methylene Blue from aqueous solutions by an irreversible 
^^emisorption (ion Exchange) up to the CBC level and by reversible 
Physical Adsorption beyond this level. ) 



The higher adsorption by montmorillonite is obviously 
due to its higher CK which in turn is related to inter layer adsorption. 
This mechanism was indicated by X-ray studies and confirmed by Difijiential 
Thermal Analysis* Sulfur Blue is adsorbed at the rate of 2,3 mg/g. min 
Kaolinite, 2.6 mg/g. min by montmorillonite and 0.3 mg/g. min 
by Activated carbon. The rate and amount of Sulfur Blue adsorption 
are less than that of Methylene blue for all the three adsorbents. 

The adsorptive capacities of Kaolinite, montmorillonite and activated 
carbon for this dye are 0.053 m. eq/g , 0.066 m.eq/g and 

0.063 m.eq/g respectively. The adsorption of Sulfur Blue on clay 
minerals was apparently through Anion Exchange and was found to be 
irreversible. 

"-‘’'Colour removal from dye waste of the Elgin Mils, 

Kanpur was 42^ by Maolinite, 50^ by montmorillonite and 48^ by 
activated carbon. A preliminary comparation study of lime Coagulation 
indicated 94^ remo'val, 
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CH&FTEE ; I 
DCTROBUCTION ; 

Surface waters may become coloured by the discharge of certain. 
Industrial wastes, notable among them being wastes from Dyeing operations 
in Textile Industry. Colour is the most common yardstick by which a 
common man judges pollution of streams. 

1 • 1 HECESSITY FOR COLOUR EEaiOVAl 

Following are some of the factors necessiating the removal of 
colour causing compounds present in water bodies. 

(1.1. 1) DEVELOHffllMl OF COiaiUIITY 

Colour which causes visible pollution retards the development of 
a community. It discourages the recreational fecilities like camping, 
boating, swimming, fishing etc. which are indispensable to the vitality 
of a physically and mentally healthy community. Property values decrease 
along a visibly polluted river. 

(1.1.2) AESTEEIIC BfPOECAECE ; 

Consumers will complain if the public water supply is coloured i 

as it is aesthetically unacceptable. They will shun such a supply and may i 

\ ^ 

prefer waters from uncontrolled springs or private wells eventhough, these 

' , i 

may not be safe from hygienic point of view. Industries discharging colourej 
wastes into rivers will lose public relation and reputation ! 
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( 1 . 1 . 3 ) EFFECT ON HECEIVIKG STKEAIJS 

(1,13.1) TOXICITY ; 

The combination, of chemicals used in various processes in Textile 

Industries often produce a toxic condition in receiving streams.’ These are no1 

only destructive to fish and aquatic life but also have the effect of killing . 

the bacteria and various other forms of biological life upon which the stream 

self purification processes depend (Ref. Table: 1 ) 

(1.1. 3. 2) I NCREASE IN B.O.I). 10 ADIN& MR DEFLETIOR 

OF RISSOLVEI) OXYGEN; 

Textile dye wastes have a B.O.I) loading ranging from O.5 to 
32 Kg/1000 Kg clotli. When discharged into rivers, the organic constituents 
decompose resulting in the removal of dissolved oxygen needed for the support 

..U-, 

of the -bacterial life. Continuous depletion of dissolved oxygen creates scepti- 
conditions leading to putref ication, accompanied by unsightly odour and colour. 

(1.1. 3. 3) EFFECT OK PHOTOSYNTHESIS : 

Colour interferes with the transmission of light into the stream 
and therefore lessens photo synthetic activity. It may also interfere with 
oxygen absorption from the atmosphere although no positive proof of this actior] 
exists. 

(1.1. 3. 4) HEATED DISCHARGE OF INDUSTRIAL WASTES; 


Dye wastes are discharged at elevated temperature. Warm waters 
have a decreased capacity for dissolving oxygen and hence aquatic life is 


affected. 



TABLE ; 1 
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TOXICITY OP VARIOUS CHEMICALS USED IH TEXTILE INDUSTRY (R,K. SOTJTKERS)^ ‘ 



CHailCALS I 

CONCEIIPRATION t 

TEST OEGAKISH j 

EFFECT • 


As i 

p.p^m# ! 

} 


I 

Chromic acid i 

i 

Or 

0.3 

Dalphulia nagma 

Toxic 

Hydrochloric acid ^ 

HCl 

63 

- do - 

- do “ 

Nitric acid j 

HNO, 

3 

107 

-do - 

“ do - 

Sulfuric acid ; 

i 

2 4 

88 

- do - 

- do - 

Cadmium chloride ^ 

Cd 

0.01 

Gold-fish 

Kills in, 9-18 : 

Sadmium sulphate | 

Cd 

i 

513 j 

Minnows | 

Kills in 3 hrs. 

Copper sulphate 

Cu 

0.8 I 

Gold-fish - i 

! 

Kills in 24-96 

- do - I 

' 

Cu 

i 

0.04 

Palphnia magma j 

Toxic 

5 

; 

: Sodium chromate 

Cn 

0.1 

- do - ! 

- do - 

Sodium Sulphide 

S 

5 

Gold-fish 

Toxic 

Sulphide (ion) 

S 

5 

Trout ! 

t 

Kills in 5 mins 

Chromate (ion) | 

Cr 

[ 

20 

' 

1 Gold-fish 

f 

Kills in 8 days 

{ ! 

- do - 

Cr 

! 0.01 

i 

1 Microflora 

1 

Toxic 

Ferric chloride 

Pe 

I 

34 

1 Gold-fish 

j 

Kills in 1-1.5 

Ferric sulphate 

f 

Fe 

336 

Gold-fish 

Kills in 2-10 

Zinc sulphate 

Zn 

■ 25 

Trout 

Kills in 4“5 

Zinc (ion) 

Zn 

0.1 

Fish 

Kills fresh 
fish in 2 hrs. 

Potassium cyanide 

Cl 

^.04-ar12 

i Goldfish 

( 

Kills in 5 “^ 

Cyanogen chloride 

CNCl 

0.08 

i 

1 Fish 

1 

Critical 

(7v 

Stennous chloride 

! Sn 

1 626 

J Gold-fish. 

Kills in 4~5 

T 3 
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COLOUR CAUSIMG COMPONENTS OF ITOUSTEIAL WATERS ; 

Ror most of the industries, colour as harmful, when the water 
is to be used in processing units. Colour causes staining problem in 
textiles. Manganese, as low as 0.2 mg/l may cause dark brown or black 
spots on the fabrics. Iron is detrimental in production of wastes for 
Brewing Industry, as it gives bad flavour and causes disscolouration of 
beer. Coloured wastes produces tinges and " off colours" in pulp and paper 
mills. In tanneries, it affects the quality of the leather. Pood products 
are contaminated by the organics in water. In Dye-houses, laundries and 
Rayon plants, it is practically impossible to operate, with an iron bearing 
water because of colour problem. In boiler feed water conditioning, the 
organics render the analysis of water, very difficult by masking end points 
and colour comparisons. Organic pollutants may also provide an environment 
favourable to the growth of slime and algae in water mains, recirculating 
system etc. These may cause clogging action and cut down the flow rates. 
Thus colour in industrial wastes has a bearing on the economics of the 


industries . 
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EECOMviEKDED COLOUR LIMITS 
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(1.5.1) COLOUR LIMITS ROB DOMESTIC WATER SUPPLYt 


TABLE 


COMPONENT 


U.S. FJBLIC HEALTH SERTICE 
DRINKING water STANDARDS (1962) 


PERMISSIBLE * 
COLOUR UITITS 


COMMITTEE ON PUBLIC HEAP 
ENGG. MINISTRY OF HEALTB 
GOVT. OF INDIA (1962) 

PERMISSIVE EXCESSIVE 
HAZEN UNITS ** 


Colour 

20 - 

5 

25 

Iron as Fe mg/l 

0.3 

0.3 

1.0 

Manganese as Mn mg/l 

0.05 

0,1 

0.5 



Excellent sourse of water supply , 0-20 

requiring dissinfection only as treatment 

Good sourse of water, requiring conventional 20-1 50 

treatment 

Poor sourse of water supply, requiring conventional and 150 

special treatment and disinfection 

* 1 - colour unit = colour produced by 1 mg/l platinum as K^PtClg 

** 1 Hazen unit (Pt-CoSCale) = colour produced by a mixture of 1 mg/l Pt 
(or 2.49 mg/l K^PtClg) and 2 mg/l of C0CI2.6H2O. 
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(1.3.2) GOIOUR LIMITS K)R ITOUSgRIAl WATERS : 

Table 3 gives the tolerance limits for colour and its components in ^^/ater 
of various industrial use. 

TABLE ! 3 


VAiTEE POE 


U.S. Public Health 
service 1962 


JI.S. code of practice 


Colour { Pe: J Eh: jEe & Ih . jColour | Pe: jEh: jPe « Eli 

J I [together [ [ [ 


[Sce- 


IPiits 


iUiait 


Icifi- 


Colour ! mg/1 ,J mg/l J mg/l [Hazen |mg/l [mg/l J mg/l i^S'tion 


- ^ 

i 

Baking | 

Boil~:r Peed water i 

1 

Bottled Bevarages i 
Brewing 

L 

10 

2-80 

5-10 

0-10 

(acco 

( 

j 

rding 1 

bo varioi; 

1 

! 

i 

> 

! 

3 

IS pres^ 

5 

10 

t 

1 

i 

’ure)! 

^ 

- 



IS 

4700- 

1968 

Pood processing 

5-10 

0.2 

0.2 

0.3 

20 

0.3 

0.2 


IS ■ 

4251- 

1964 

Pood products 

1 0 

0.2 

0.2 

0,2 

20 

0,2 

0.2 

*- 

To 

Pood equipment 
msliing 

5-20 

I 

0.2 : 

0.2 

0.2 

20 

0.2 

0,2 

- 

Lo 

I CO Elanufacturing 

j 

0-5 

i 

: 0.3 

' 

I ' 

0.2 

1 

i 0.2 

1 

5 

^0.3 

I i 

i 

0,2 

0.2 

IS ■ ■ 

3957- 

1964 

Mtro-cellulo se 
products 

1 

0.1 

0.05 

0.1 

- 

- 

- 

- 

- 

Pulp & Paper 

0-10 

0.1 

1 0.05 

j 

0.1 

20 

0,2 

0.1 

0.2 

IS 

2724- 

1964 

Tanning plastics 

10-50 

0.1 

2.0 

0.1 -0.2 
0.2 

» 25 

-- 

— - 

1.0 i 

i 

IS 

4221- 

1967 

Textiles 

0-25 

0.25 

0.1 

1 

0.25 

20 

0,23 

0,1 

0,25 ' 

1 

IS 20- 
1964 
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(1.3*3) Chrisco have suggested that a colour of 100 units in 

cobalt-platinum scale is satisfactory for industrial wastes to be discharged 
into the receiving water bodies. 

(1.4) IJKTHODS POR COLOUR REMOVAL ; 

(1.4.1) PHYSICAL imEODS i 

(1 .4.1.1) EQUAL IZAIIOW; 

Coloured industrial wastes vary in composition and concentration. 

Textile dye waste often contain both acidic and alkaline materials. The holdin 

period and mixing in an eq.ualization t-ank permit partial self neutralization, 
the 

thus decreasing/requirements of chemical reagent for further treatment. Equa- 
lization of temperature is also acoompaliehed by this process, 

(1 .4.1.2) LILUTIOH ; 

The intensity of coloured wastes can be reduced by dilution with 
water to an acceptable limit and can be directly discharged into the streams 
without any other form of treatment. If the volume of the wastes is small and; 
the pollutional load is less, then natural dilution takes place in the river 
course. 

(1.4. 1.3) SEUaiEIgATIOH ; 

This process removes only the settleable particles and hence a 
portion of " Apparent colour'** It does not remove dissolved or colloidal I 

colour. Sedimentation helpd in removing a part of suspended matter andrreduces; 
the quantity of chemicals to be used in later processes. In pulp and paper 
mills 9 sedimentation removes short fibres and fillers present in "-white water" ,1 
thus recowring useful materials and also preventing stream pollution. 
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( 1 . 4 ^ 1 . 4 ) 


FILTBATIOW; 


Filtration removes e part of Apparent colour by transferring 
suspended solids onto grains of sand, coal or any other filtering material. 

Slow and rapid sand filtrations are used in water treatment field to remove 
colour by about ^>0 fo. Filtration also removes iron and manganese, the later 
precipitates slowly and responds better to slow than to rapid filtration. 

(1.4.2) CHEMICAL METHODS i 

(1.4. 2.1) COAGHLATION ; 

Coagulation removes colloidal colour. True colour exists in- ' 
primarily as negatively charged particles. They can be removed by coagulation 
with the aid of iron salts, alum, calcium chloride and lime. Colour colloids 
coagulate best in the acidic range. Coagulant aids are used to speed up 
coagulation and to reduce the coagulant dosages. 

(1.4. 2 . 2) CHEiYiICAL PRECIPITATIOH ; 

Certain coloured metallic ions can only be removed by 

chemical precipitation,! allowed by sedimentation or filtration. Iron and 
manganese can be precipitated by the addition of lime or soda ash. 

(1 .4.2.3) OXIDATION ; 

Oxidation of organic pollutants leads to the formation of 
harmless end products. Common oxidising agents are chlorine, bleaching powder, 
ozone, sodium nitrate, potassium permangnate and dichromate and hydrogen 
peroxide . 



(1.4.5) 


BIOLOGICAL iffiTHODS; 


One of the most effective methods of treating organic contami- 
nants is by the action of bacteria and other microorganisms. 

(1 .4.5.1) ASROBIC BIOLOGICAL TfiEATMBTO ; 

This includes trickling filters ( low and high rate, multi stage) 
Activated sludge ( Tapered aeration, step aeration, dispersed growth aeration) 
Bisorption, oxidation ditches etc. 

(1 .4.5.2) AlAiEEOBIC BIOLOGICAL TREimCEKT ; - 

This includes anaerobic digester, sceptic tank, anaerobic lagoons, | 

etc. 

(1.4. 5. 5) AEROBIC ABB ANAEROBIC BIOLOGICAL' TREATliENT ; J 

B'ecultative oxidation ponds and lagoons belong to this category, i 
Table ;4 shows the ^ colour removal of dye wastes by different methods. 1 

(1.4.4) ABSORPTION ; 

Adsorption is the process by which dissolved substances are 
removed from the solution and concentrated on the surface of certain materials, 
called Adsorbents. In water and waste-water treatment, activated carbon, bauxite 
Puller's eurthand various clay minerals, magnesia j silica gel and activated silica 
are employed as adsorents. 
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TA3IE : 

_4 


io colour removal of dye wastes by 

'Z 

various larocesses (E#K •Southers'^ ) 

I coaguiation 

Dye waste 

Chemical 


$0 colour reduction 

Direct dyes 

Alum 


75 


PeCl^ 


85.0 


PeS0^+ lime 


90.0 

Indigo 

lime 


65.0 


PeS0^+ lime 


94.5 


Alum 


65.0 


CaCl^ 


94.5 

Dapthol 

H2SO4 


99 


Alum 


99.5 


PeClj 


99.5 

Sulfur 

H2SO4 


99.0 


Alum 


99.0 


Peso. 

' 


99.7 


BIOIOGICAI METHODS 

; 

mSTE 


METHOD 

$ COIOUE REDUCTION 

25 % Sulfur and Indigo dye waste + 
75^ sewage 

Trickling 

filters 40 

15$ dye waste + 25 ^ 

sewage 

-do- 

38.6 

5>Ofo dye waste + 50$ 

sewage 

Activated 

sludge 83.3 

40 % dye waste +60^ 

sewage 

lagoon 

62-63 ■ 






( 1 . 5 ) 

( 1 . 5 . 1 ) 


BACKGROUUIT) OF PEZSE!W STIiDY; 
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CHOICE OF INDUSTRY! 


Some of the industries discharging coloured wastes are Textiles, 
Leather, Pulp and Paper mills, Tanneries etc. Among these textile industry was 

chosen for this study as it is one of the largest industries in Kanpur. Among 

the various wastes from textiles, dye wastes draw the attention of the Public 

Health officials and also the public opinion, as it is highly coloured. 

Removal of colour from dye wastes is important from stream pollution abatement 

point of view. 

(1.5.2) CHOICE OF IffiTHOD ; 

Among the various methods listed in section (l .4) Adsorption has 
been preferred for the study. Physical processes remove only a fraction of 
colour. Chemical methods involve cost of chemicals, fecilities for ciiemical 
feeding and personnel for operation and maintenance and hence an expensive 
process. Biological processes are handicapped by the presence of toxic materials 
in dye wastes which inhibit the growth of the microbial population. Moreover, 
Biological methods do not remove the colour completely and further treatment 
like clorination is necessary. Adsorption on clay minerals is a cheap method 
and overcomes the draw backs of other methods. 
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( 1 . 5 . 5 ) 

CHOICE OF AJSOBBEtrai 


Among the various commercial adsorbents, clay minerals were chosen 
because of the low cost of treatment involved. Clay minerals have a large 
surface area per-uhit weight of the order of 100 m/g. In natural water 
system, clay minerals play the role of an adsorbent for dissolved chemicals 
in water. Rivers and streams ahving a high content of suspended solids of 
T/hich clay minerals comprise a significant amount, may transport chemicals, 
biological wastes and gases adsorption at the clay water interface. Suspended 
or dissolved constituents in nature.! or wastewater infiltrating the soil, 
may react with the clay minerals by adsorption. Clays thus perfiorm the role 
of a decontamination device in both the natural waters and soil horizons. 

Clay minerals are very inexpensive as compared with other adsorbents like 
activated carbon. Also clays do not require any pretreatment before its app- 
lication. Hence clay minerals were chosen as the adsorbents for the present 


study. 
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CHAPTER; II 

MTERATUBE REVIEW AED OBJECTIVE 

(2-1 ) Review of Textile Dye vaate Treatment. 

Various methods of treating dye-wastes for colour removal have been 

listed in Chapter: I. Among these, jiiysical methods involve much less 

4 

expenditure. McCarthy showed that a judicious mixture of various vat dye 

v/astes precipitated a considerable amount of B.O.D. by equilization giving 

5 

an un-offensive colour and pH of the effluent. Uemerov suggested 
neutralization of dye-wastes before discharge into municipal sewers. 

Chanical coagulation is the most effective method for the removal 
of colour from dye-wastes, but is an expensive method and should be avoided 
wherever possible. Till 1920, the most commonly used coagulant wrere alum, 
lime, copperas and sulfuric acid. Alum and acid coagulation were found to 
be unsatisfactory because of foaming and HgS evolution respectively. CaCl^ 
overcame these problems and was used from thereon, either alone or in 

g 

combination with other coagulants. Porges found that rapid mixing with 

little flocculation effected better colour removal and also suggested that 

Acid treatment of sludge might recover the dyes and the coagulants. 

7 

Smallhorst observed that aeration of the waste before chemical 
coagulation gave better results. 

Biological oxidation of dye-v©.stes separately and in combination 
vTith domestic sewage has been found feasible. Eor smal volume of waste, 
Activated sludge process (dispersed growth or endogenous respiration) is 
efficient. Eor larger volume of waste with varying strength, Trickling 
filter works very well, due to its ability of absorbing shock loads. 
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The efficiency of trickling filter is reduced ty 10 to 40 5^ at high pH 
values of the waste. Southers found that a mixture of upto 40 io of dye waste 
with domestic sewage can be successfully treated,' with no chemical pH adjus- 
tment, by a combination of high rate Trickling filter and Activated sludge 

units, but high percent values of dye-wastes, the sewage organisms were 

9 

inhibited by the constituents of dye-wastes. Geyer suggested that batch 
process will be economical than continuous treatment, when the waste volume 
was less than O.5 MG!. Lagoons have been found to remove colour and B.O.D. 
appreciably and also convert hydroxide alaklinity into carbonate and bi - , 

carbonate alkalinity reducing the pollutional load. Clarification of the 
wastes after chemical and biological treatments, by sedimentation is necess- 
ary to prevent sludge accumulation on the bottom and banks of the receiving 
stream. 

10 

Beach used CO^from the flue gases to precipitate sulfur dye- 

wastes . Various adsorbents have been used to remove colour compounds from 

11 

dye-wastes. Thronton and Moore used Fuller's earth and Activated Bauxite. 
They found that certain dyes adsorbed more easily than others. Regeneration 
of adsorbent and recovery of certain dyes have been found possible. Adsorp- 

12 13 

tion on Activated carbon was found successful by Snell and Mudri but 

14 

its high cost is a disadvantage. Eak used cinder and flyash to adsorb 
dye-wastes. In another study, he subjected the dye-wastes to the action 
of direct current which caused the organics to be oxidised at the anode 
leaving the effluent practically colourless. 
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1 5 

Bagati used Evaporation as a method for treatment of dye-wastes. 

He found that if the evaporation rate per year is 20" or more than the average 

rainfall per year^then this method would he useful. 

1 6 

Michelson employed Foam fractionation using a cationic surfac- 
tant to remove the colour from dye wastes. The chemical cost was estimated 

at $ 210 to treat 1 MGD of waste. Todd and Hopper'^'^ recovered 93~97 %LzO 

1 8 

dyes by solvent extraction. Williamson handled dye wastes in a municipal 

plant and found that chlorination after alum coagulation removed a high ^ 

of colour. He also achieved excellent results with chlorination ahead 

19 

of Trickling filter units . In a recent study Aurich adopted ultra-filtration 
through dynamically formed membranes and reported high removal of colour 
from Nylon dye-wastes. 

(2.2) ADSOHPI'ION ON a AYS; 

(2.2.1) STRUCTUBE OF CLAY MINEBALS ; 

Clay minerals are primarily hydrated silicates of aluminium or 
magnesium on which unit layers are arranged in stacks. There are two 
broad classesJ 

1) Two layers silicates ( e.g., Keolinite) 

2 ) Three Layer silicates ( e.g. , Montmorillonite ) 

This classification is based on the linking of two fundamental 
structural unitss 

1 ) The silica sheet or the tetrahedral layer in which each silicon atom is 
surrounded by fo-iifoxygen atoms in a tetrahedral coordination. 
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2 ) The Gibbsite (or Bsucite) sheet or the octahedral layer in which six 
oxygen or hydroxyl atoms surround Oft©- Aluminium (or Magnesium) atom in an 
octahedral coordination. 

The oxygen atoms in both the tetrahedral Qfttloctahedral layers are 
linked in a hexagonal array. The dimensions are such that these layers can , 
be superimposed in two or three layers packets i;ith the oxygen atoms at the 
tips of the tetrahedra jointly shared by the octahedral layer. 

In the Kaolinite structure, a single tetrahedral layer and a single 
octahedral layer are combined with a common layer of tetrahedral and octa- 
hedral atoms (Grim^*^1 955 ) » ref. Fig: 1.) The unshared oxygens in the 
octahedral layers are OH groups. The units are continuous in the a and b 
crystallographic directions and stacked one above the other in the ’c’ 
(vertical) direction. The unit layer ( 2 layer tetrahedral-octahedral 
group) is 5 atoms thick and the repeat distance in the c direction (basal 
spacing) is 7 •38 A°. 

The montmorillonite structure is composed of units made up of 
two silica tetrahedral sheets with central alumina 6ctE-;hedral sheet 
sandwitched between the silica sheets. The combination is such that the 
tips of the tetrahedron of each silica sheet and one of the hydroxyl layers 
of the octahedral sheet form a common layer. The atoms common to both 
the tetrahedral and octahedral layers become 0 instead of OH (ref. Fig, 2 ) 

The layers are continuous in the a ahd b directions and are stacked one above 
the other in the c direction. 



Silica tetfahedron 


Alumina octahedron 


o Oxygen 
Hydroxyl 
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FIG. 1 ATOM ARRANGEMENT IN UNIT CELL OF 
KAOLONITE ■ 
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In the stacking of silica-alumina-silica units, 6 layers of 
each unit are adjacent to d layers of the neighbouring units, with the 
consequence that, there is a weak bond and an excellent cleavage between 
them. The outstanding feature of the montmorillonite structure is that 
water and other polar molecules can enter between the unit layers, 
causing the lattice to expand. The minimum repeat distance in the c 
direction for montmorillonite is 9*6 A° , when no polar molecules are 
present in the interlayerj but because of the presence of exchengeable 
cations and water in the interlayer, the c spacing is usually of the 
order of 14A°. The basal spacing is variable due to interlayer swelling. 

(2.2.2) ORIGBr OF SUBFACE CHARGE M CLAYS t 

There are three mechanisms believed to be responsible 
for charge phenomenon on clay mineral surfaces. They are given below : 
(2. 2. 2.1) ISOMORH-IOITS STBSTITUTION i 

Substitutions within the lattice structure of trivalent 
Aluminium for quadrivalent silicon, in the tetrahedral sheet and of ions 
of lower valency, like Mg for Al,in the octahedral layer. , result in 
unhalanced charges in the structural unit of clay minerals. Sometimes 
such substitutions are balanced by odTer lattice changes, e.g. , OH for 0 
or by filling more than two thirds of the possible octahedral positions. 



( 2 . 2 . 2 . 2 ) 
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BROKENBONDS! 


Brokenbonds along crystalline edges of clay particles, 
parallel to the C axis would also give rise to unsatisfied charges. 

Bonds may be broken either in the tetrahedral or octahedral layer. 

In the octahedral layer, the situation would involve 
A1 - 0 - Al - 0. If the severance is between A1 and 0, then a site is 
created with a positive charge. If bonds are broken between 0 and Al, then 
the site becoiaes negative ,as a result of the exposed oxygen (generally of 
an OH ion). The same type of reasoning can be applied to the tetrahedron 
layer edges wherein the bonding is Si - 0 - Si - 0. 

(2. 2. 2. 3) LATTISE DEFEOTS ; 

The recent hypothesis for origin of charge especially for 

21 

Kaolinite, is a mechanism creating negative charges from lattice defects* 

It is believed that an interlayer between the Si and Al layers is possible j 
because of sinilarity in thicknesses of these layers* It is indicated 
that, if holes in the lattice were attributed to a deficit of 0*15 then 
u negative charge could arise. An ‘alternative approach suggests that 
Al might be in a tetrahedral coordination with oxygen rather than in 
octahedral coordination* 
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( 2 . 2 . 5 ) 


lOI EXCHAJTGE: 


Clay minerals have the property of adsorbing certain cations 
and Inions and retaining them in an exchangeable state. The exchangeable 
ions are held around the outside of the silica alumina clay mineral units, 
and the exchange reaction generally does not affect the structure of the 
silica alumina packet. 


(2. 2. 3.1) 


CATION EXCHillGEs 


In the case of kaolinite,the cations exchange is mostly due 
to"broken bonds" , around the edges of the silica-alumina units. These 
unsatisfied changes are balanced by external cations present on the 
edges of the kaolinite,to preserve electrical neutrality. The number 
of broken bonds and hence the exchange capacity would increase as the 
particle size is decreased. Lattice distortions would tend to increase 
broken bonds and hence the cation exchange would be increasing as the 
degree of crystallinity is decreased. Isomorphous substitution in the 
structural unit of kaolinite also has contribution towards cation-^ exchange. 

For montmorillonite , 80 °jo cation exchange capacity is due 
to isomorphous substitution in the lattice structure and 20 fb due to 
broken bonds. The unbalanced charges are satisfied by exchangeable 
cations present mostly on the basal cleavage surface of the clay mineral 


and also on the edges. 


20 


The cation exchange capacity (C.E.C) of kaolinite varies 

22 

from 3-15 meq/100 g and for mcntmorillonite from 80 - 15O meq/lOOg 

( 2 . 20 - 2 ) ANION EXCHMOEs 

23 

Vanolphen has proposed a dual charge on clay 9 in terms 
of the electrical doable theory. He suggested that a negative double 
layer exists along the faces and a positive double layer occurs on the 
edge of the particle,not-withstanding the overall effect of a net negative 
charge on the clay minerals. Clay minerals are amphotric in nature pcssess- 

'J-y 

ing both cation and ihiion sites for exchange? confirmed by the presence of 
both positive and negative broken bonds at the crystal edges. At low pH 
values? some OH ions ionise away from the surface leaving a positively charge 
site. Thes OH ions, under some circumstances may be replaced by other ions. 
At neutral or high pH values, the OH groups remain firmly attached to the 
surface and only the cations ionize away from the surface to expose negative 
sites. The overall net negative charge explains the higher cationic exchange 
capacity on faces in comparison to the observed low values of anionic 
exchange occuring most likely on the edges. 

The investigation of anion exchange reaction is very difficult, 
because of the possibility of decomposition of clays during the course of 
the reaction. In the studies of Adsorption of i^hosphates b;/ Ilaolinite? 
there is disagreement in the conslusions,as to whether the observed results 
are due to adsorption, or due to the replacement of OH ions in the kaolinite 
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lattice by phosphate ions or to a prep ipitation or oomplexing of phosphate 
vfith clay mineral. 

It has been found that Anion exchange in montmorillonite does 
not take place on the basal plane surfaces. 


(2.2.4) SURFACE ABEA ; 

Since adsorption is a surface phenomenon, the extent of 
adsorption is proportional to the specific surface area. The surface 
area can be increased by decreasing the size of the clay particles and also 

by acid treatment. The observed specific surface area for kaolinite ranges 

2 2 24 - 
from 10 - 25 m /g and for montomorillonite it is about 40 - 100 m /g. 

(2.2.5) AUSORPTIOH OF DYESTUFFS BY CLAYS; 


Dyestuffs are strongly ionizing organic compounds. A basic 
dye like Methylene blue ionizes in aqnous medium to form a dye cation and 
a simple anion as shown below? 






+ Cl 


The dyfi cation thus formed is readily exchanged for the cations 
present in the clays. 

25 

Pleach and Robertson found this " ion exchange adsorption" 
taking place till the C.E.C. of the clay was reached. Ihen the dye was 
added in excess of the C.E.C, Physical adsorption was taking place till 
an equlibrium was reached between the adsorbed and the unadsorbed dye. 
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Faruqi ^ showed that the ion exchange adsorption was irreversible by 
carrying adsorption — desorption studies* Fairbaim observed that for 
kaolinite and montmorillonite, the physically adsorbed dye in excess of 
C*E#C of the clays was 13 /^' nnd 10 of the C.E-C of the clays respectively 
The amount of dye irreversibly held by the clay has been used as a measure 

of surface area? cation exchange capacity and minerological composition 

/ . 25 ^ 29 

of the clays by many investigators ( Eobertson and Ward? Eamachandran ? 

30 31 32 . ' 

Kevins? Kipling and Worall) in the fields of medicine, ceramics? metallurgy 
and soil mechanics* In a study on the relative exchange strength on pretre- 
ated clays? Markert^^ found that for kaolinite and bentonite the order is 
H% kV Ca'^ and for Illite, Ca'^b’ 


Anionic dyes ionize in solution forming a complex dye anion 
and an inorganic cation. 

e.g.C J .Sul- C_H.(m)-NS0H C H.(N0 )„KS0" + 

phur Blue n, 12 6{; ^^2 12 6 2 2 

The dye anion is adsorbed on the positive sites at the edges 

of the clay minerals* Only s*. small proportion of the acidic dye has been 

found to be irreversibly adsorbed because of the low values of the anion 

34 

exchange capacity of clays. Allingham and Cullen found that the adsorp- 

on ^ 

tion of anionic dyes/iochaline sand was less and slow. Fialkov found 

that acidic dyes were adsorbed more on acid treated clays than untreated 


clays* 
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Acid and alkali- treatment of various clays have been carried out 

by many workers to improve the dye adsorption capacity of clays. 

( Tsuchiya^ MocilJ Kwun^erahishvilli and Hofman) 

41 42 

Thermal analysis was used hy Ramachandran ^ §1 and Leontieva 
to employ the adsorption of dyes on clays as a basis for identifying 
clay minerals. Kaolinite-Methylene blue and Montmorillonit e-dye complex 
show a characteristic exothermal peaks at 550 - 455“0 and 65O - 700°G 
respectively. 

In a recent study, Ivanova' observed t-wo types of adsorption 
of dyes on clays. 

1 ) Electrovalent bonding between the dye cation and the clay surface, 
replacing the inorganic ion. 

2) H-bond formation of dyes on active hydroxyl group minerals. 

(2.2.6) ALSOEFTIOIT OF OTIiEB ORGMIC COMPOIHILS BY CLAY S; 

The uptake of organic compounds like surfactants, glucose, 

alcohols, amines, ammonium compounds, antibiotics, pesticides etc. 

by clays also showed the ion exchange adsorption behavinur as outlined 

in section (2.2.5). The adsorption of polar organic molecules on 

montmorillonit e is characterised- by the inter-layer swelling and increase 

in basal spacing. This has been confirmed by X-ray observations by many 
44 45 46 47 

workers (Giesiking, Greenland, Allaway and Grim, McEwan and Hellen and 
48 

Bodenheimer) . Organic clad clay minerals are changed from hydro phyllic 

ll 

to hydrophoiic nature and find various application in different fields 
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like gelling agents in lubricants, fillers and strengthening agents in 
plastic, as components of printing ink , as flattening agents in paints 
and for soil stabilization for roads and run-ways and conditioning for 
agricultural use . 

(2«3) OBJECT ITE; 


From a review of dye adsorption on clays it was observed that 
in most of the studies, the clay used was not in the natural condition 
hut in a particular form like Ha"*” clay, clay, Ca"^ clay etc. In order 
to resemble the natural condition of the sediments of the streams and the 
soils, the clay minerals have been used in the original form without any 
acid or alkali treatment. The inherent nature of the clay surface and 
the changes imposed on it by dyestuffs must be assessd in order to eva- 
luate the adsorption characteristics of clays. 

In short the objectives of the present study can be stated as 

follows s 

1) To study the Kinetics of Adsorption of dyes on clay minerals . 

2 ) To determine the parameters of adsorption and to explore the possi- 
bility of using clay minerals for colour removal. 

3 ) To investigate the mechanism of dye adsorption on clay minerals. 

4 ) To compare the performance of day minerals with that of Activated 


carbon. 
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CHAPTER : III 

EXPERIMENTAL STUDY ; 

( 5 . 1 ) MATERIALS : 

( 3 . 1 . 1 ) RYEgPUFES ; 

( 3 . 1 . 1 . 1 ) METHYLENE BLUE ; (BDH grade) 

( MOLBCUIAR WEIGHT = 319.8?) 



This dye belongs to the basic dyestuff group. It has thiazine 
group as chiromophore , with methyl groups in positions 3 aiid 9 auxochromes. 
It is soluble in water and alcohol. It was used as colorants for paper. 
Tannin-mordanted cotton and silk. It is a very important biological 
stain and as a free base, finds internal use as a medicine* 

( 5 . 1.1. 2 ) THIONOL DIRECT BLUE EL 450 

C-I Sulphur blue 11 , 53235* (Molecular Weight = 305) 

This dye belongs to the sulphur dyestuffs classification. It 
was obtained from Elgin Mills, Kanpur, where it is used widely for dyeing 
cotton. This dye is manufactured by Imperial Chemical Industries (India) 
Pvt. Ltd. , 
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It is prepared by the aqueous sulfuiization of p,2,4, 
(dinitroaniline ) phenol and has the following structure. 



I ' / i - . ' ' • 

It has thiazine as the chromophore and OH group as Auxo chrome. 

It is used in the water soluble form by alkaline reduction with sodium 
sulfide. 

(3,1.2) cmY MIHERilS 

Kaolinite and Montmorillonite were used as adsorbaits in the 
present study. They were obtained from Industrial minerals and chemicals 
company, Bombay. 

X-ray observations ^owed the presence of aaall amounts 
(approximately 20% total) of illite, montmorillonite and Quartz in the 
kaolinite sample and traces of kaolinite in the montmorillonite. The 
average size of the clay minerals was found with the help of iisher sub si eve 
sizer. These values are 1.6 y. and 2.4 for kaolinite and montmorillonite 
respectively. 

The C.E.C. of clay minerals was determined by saturating the clays 
with h'*' ions and titrating with NaOH. (Black^^ ). The values were found to 
be 5 and 60 m. eq/lOO g for kaolinite and montmorillonite respectively. 

(3.1.3) laxmi activated carbon, Najtbabad, U.P. 

Grade: LC/I6-32, Hef. 3310 

(3.1.4) lime, CaO (laboratory chemical ) 
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( 3 . 2 ) 


APPABATTJS; 


(3.2.1) 

(3.2.2) 

( 3 . 2 . 3 ) 

( 3 . 2 . 4 ) 

(3.2.5) 

(3.2.6) 

(3.2.7) 

(3.2.8) 

(3.2.9) 


The follc?/ing apparatus were used in carrying out the experiment s s 
Bauch and Lomb Spectronic - 20, calorimeter/ spectrophotometer 
Bauch and Lomb company Ro£:bester,hewyork , U.S.A. 

Beckman Expandcmetic pH meter 

Beckman Industrial Company, California, U.S.l. 

Elico pH meter, Model L1 - 10 

Electronic and Industrial Instroment Co. Pvt. Ltd., Hyderabad, India 
Scrvall, 38-5, Automatic Superspeed Centrifuge 
Irvan Sorwall Inc. U.S.A. 

Fisher Sub-sieve Sizer 

Fisher Scientific and Company, U.S.A. 

XE-DC X-ray Biffractcmeter 

General Electric Company, Wisconsin, U.S.A. 

Jar Test Apparatus 

Phillips and Birol, Inc. Richard 

Du Pont 900 Differential Thermal Analyser 

Wi Imingt on , U . S , A . 

laboratory Shaker , 
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( 5 - 5 *) PBEPABATIOW OF HJRE CLAYS; 


BuluSiA in. his study on colour removal of pulp and ; paper waste 
by adsorption on Black cotton soil reported poor settleability and the problem 
of separating' clay from the supernatant solution. He found that filtration 
through Whatman Pfo. 42 filter paper did not remove the clay particles, which 
caused tixrbidity in the. supemantant, hampering the analytical procedure for 
colour estimation. 

To overcome this problem the clay minerals were suspended in 

distilled water and allowed to settle in a veirbicil glass jar for about 12 hrs. 

After gravitational settling the top most portion of the clay suspension, 

containing the finely divided clay particles was removed. The remaining 

supernatant containing only clay particles was pipetted out and dried at 

105*0 for one hour to get the pure form of clays. The bottom most portion 

containing the coarser particles like Quartz and silt was discarded. Thus 

the finer portion of clays which cause turbidity and the coarser impurities 

could 

were elliminated. The medium sized clay suspension/be removed from the clay 
dye complex easily by centrifuging 

( 3 * 4 ) ANALYTICAL METHOI) FOR DETEMUTIHG THE COMGEHTBATIOH OF DYE t 

Colometric method was employed for estimating the' dye concentration' 

during adsorption experiments. The apparatus used was Bauch and Lomb Spectronic- 

20 . ■ 

and Sulfur Blue 

The optimum wavelengths for methylene blue/were found to be 620 mp, 
and 580 mu respectively. 




SULFUR BLUE CONCN. mg/l - 


FIG- 3 STANDARD CURVES- FOR DYES 
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standard calibration curves for the dyes were prepared by plotting the 
absorbance values at optimum wavelength against a range of concentrations 
of the dye solutions. Pig : 5 shows the standard curve for methylene blue 
and sulphur blue dyes. 

(5.5) EXPEBIMEMll PROCEDbliE ; 

Batch technique was used to evaluate the rate and equilibrium 
of adsorption of dyes on clay minerals. 

( 3 . 5 . 1 ) BATE OF iDSORITIOI : 

The rate study was conducted in a series of 1 litre wide mouth 
pyrex bottles. Predetermined amounts of pure kaolinite and montmorillonite 
were added to one litre volume of aqueous dye solutions of 100 mg/l concent- 
ration of both dyes. The test solutions were agitated in a laboratory . 
shaker. The temperature ias maiataintd, at 23 + 1°C. At frequent time 
intervals, an aliquot of dye solution was withdrawn and diluted if necessary. 

It was centrifuged at 5 000 rpm for 10 minutes to separate the clay present 
in the aliquot. The dye remaining in solution was determined colorimetrically. 
From this, the amount of adsorbed dye can be found out. 

The amount of dye adsorbed was plotted with arespect to time. 
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( 5 * 5 . 2 ) A 33 SOBPriOIT E(gJILIBRlA < 

•m 

The equilibrium study was conducted in several ^00 ml. volume 
Pyrex bottles. In each bottle, 200 ml of both dye solution of 100 mg/l 
concentration was taken. Accurately weighed quantities of both clay minerals 
were added to each series of bottles. The amount of clay added was varied 
to cover the range of desired equiibrium solute concentrations. The test 
solutions were agitated in a laboratory shaker till the system equlibriated. 

(5*5.3) EFFECT OF pH : 

The effect of pH of dye solution on adsorption was studied by 
gradually increasing the pH of the dye solution by 1 N NaOH to desiroable 
ranges and the experiment was conducted as in ( 5 . 5 . 2 ) 

(3.5*4) DESOHFTIOHt 


After the equiibrium of adsorption was attained ^ the clear super- 
natant in the reaction flask was decanted and the remaining portion was centri- 
fuged to separate the dye adsorbed clay, from the aqueous system* This ciay 
Was then re-suspended in 200 ml cf distilled water. The test solution was then 
agitated in a laboratory shaker. The dye coming out cf the clay was determined 
by the increase in the concentration of dye in distilled water, at different 
time intervals till the dye concentration in distilled water did not increase 


any more. 
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( 3 . 5 . 5 ) 


ADSOBHEIOH OH ACTIVATED CARBOW: 


The adsorption of dyes on activated carbon was carried cut in 
the same way as for clays* 


(3.5.6) 


COAGULATION BY !■ I ME: 


Jar test apparatus was used for coagulation study of lime. 50$ ml 

six 

of 100 mg/l concentration of both the dye solutions were taken in Z,'] litre 
.beakers separately. The dose of lime was varied from 50 mg/l to 5 OO mg/l 
in stages. The optimum dose of lime was found cut by the standard procedure 

, , 50 

(Sawyer) 
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CHAPTER: 17 

RESULTS iHD DISCUSSIOI . 

(4.1) KmBTIGS OE ALSORPTIOR : 

(4.1.1) MECHYLERE BLUE ALSORITIOH OK KAOLBTITE 


The rate of adsorption of Methylene blue on Kaolinite appears to be 
very fast. Within 5 minutes of contact with 1.0 g/l of Kaolinite, the concen 
tration of dye decreased frcm 100 mg/l to 20 mg/l. The concentration of dye 
remaining in solution did not decrease any farther after one hour shaking 
with Kaolinite (Fig. 4). The rate of adsorption is I6 m g/fe. min. The rate 
study suggests that large fraction of the clay's absorptive capacity is being 
saturated within a very short period of time. 

(4.1.2) METHILEME ALSORPTIOR OH MONTMOEILLOHITE 

The rate of adsorption of Methylene blue on montmorillonite is slower 
than that of Kaolinite. On shaking with 1 g/l montmorillonite, the dye remain- 
ing in solution is reduced from an initial concentration of 100 mg/l to 50 mg/l 
in 5 minutes. JAfter one hour contact, the dye concentration in solution is 
20 mg/l and at the end of 2 hours, when equilibrium is attained, it is I6 mg/l 
(Fig: 5). The rate of adsorption decreased from 10 mg/g. min. in the first 5 - 
to 0.55 mg/g.min in the next hour and finally 0,07 mg/g*min» 

When the amount of dye adsorbed is plotted against square root of ti;: 
as shown in (Fig: 6) three distinct stages of rate of Methyle blue adsorption 
on montmorillonite can be observed, 
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The first stage is accompaJiied by instantaneous adsorption when the dye cations 

are exchanged for the inorganic cations of the clay and deposited on the 

surface of the clay pairfcicle. The second stage is achieved by gradual adsorption 

cation 

when the montmorillcnite is slowly expanded by the diffusion of dye/:;into the 
intercellular spaces of the clay mineral indicating interlayer adsorption. 

The third stage shows the equilibrium adsorption. 

(4.1.5) SOLFUE BLUE ADSORPTION ON OLAY MINERALS ; 

on 

The rate of sulfur blue adscrption^ioth clay minerals is slower 
than that of Methylene blue. The rate of adsorption of sulfur blue on Kaclinite 
is 2-^5 mg/g-min (Fig; 7) as compared with I6 mg/g-min for Methylene blue - 
Kaclinite system. The rate of adsorption of sulfur blue on montmorillonite 
is 2.6 mg/g-min. (I’ig* s) and did not vary as was the case in Methylene blue 
mcntmorrilonite system. The rate study suggests that the sylfur blue on both 
clay minerals is limited only to the surface of the clay minerals. As the 
adsorption of sulfur blue on clay minerals is due to anion exchange > and as 
the anions in clays are only on the surface and edges of the clays > no inter- 
layer adsorption of sulfur blue was found to occur on montmcrrillonite, unlike 
that of the methylene blue-montmcrillonite system. 



2-5 g/1 KAOL 
1-Og/l KAOL 



FIG.4 KINETICS OF METHYLENE BLUE ADSORPTION 
ON KAOLONITE 




KINETICS OF METHYLENE BLUE ADSORPTION 
ON MONTMORILLONITE 
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(4.1.4) iJ)SQEFIIQH OF DIES ON ACTIVATED CABBOU 


The rate of adsorption of both dyes on activated carbon is high 
initially and almost instantaneous, if ter about I40 minutes of contact timej the 
rate slows down and tends to approach a flat plateau. The rate of methylene 
blue and sulfur blue adsorption on 1 g/l of activated carbon is 0.56^ mg/g.min 
and 0.3 mg/g.min respectively (Fig: 9). 

When the amount of dyes adsorbed on granular activated carbon 
is plotted against square, yoot of time, a linear plot is obtained (Fig. 10) 
According tc Yfeber and Morris^^^'' the linearization of the data suggests that 
the rate of uptake of dyes by activated carbon is governed by the intra particle 
transport process. 

Prom the rate studies of both dyes on clay minerals and activated 
carbon, it can be observed that the rate of adsorption of both methylene blue 
and sulfur blue on clay minerals is faster than that on activated carbon 

(4.2) ADSOBFTIOII-PESOHPTIOll STUDIES : 

(4.2.1) MEIILEHE BLUE - CLAY SYSTMS 

The data on the adsorption-desorption studies for methylene 
blue-clay systems are shown in Table-5. In the case of methylene blue mont- 
morillonite system no desorption v^as found to occur till the amount of dye 
adsorbed reached a value 60 meq/lOO g., which is the. C.E.C of the montmorillonite 
Hence the adsorption which had taken place till this stage is not reversible and 
is due to cation exchange taking place between the dye cation and the exchange- 
able inorganic cation present in the structure of montmorillonite. 
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The irreversibility of the ion exchange adsorption is probably due 
to the fact that the organic dye cation which replaces the tations 
in the clay, makes the clay more hydrophobic (Worrell and hence 
do not come out of the clay structure, when resuspended in distilled 
water, during Desorption experiments* 

1%en the amount of dye added was increased beyond 
the C.E.C. of the clay, adsorption continued to take place. The 
portion of the adsorbed dye in excess of the C.E.C. of montmori- 
llonite desorbed readily. The adsorption process continued till 
the saturation limit of Methylene blue was reached. 

These data suggest that the adsorption of Methylene 
blue on montmorillonite takes place in t?/o stages: 

1 « Ion Exchange adsorption, which proceeds till the 
C.E.C. of the clay is reached and is irreversible. 

2. Physical Adsorption, which takes place in 
excess of the C.E.C. and is reversible. 

The adsorption of Methylene blue on Kaolinite was 
also found to follow the above mechanism. 

Eig. 11 and 12 are schematic representation of these 
conclusions, showing that the amount of dye adsorbed is excess over 
the C.E.C. of both montmorillonite and kaolinite are readily 


desorbed. 



42 



7 8 94 -«) i 


ADSORPTIOF 


J DESOEETIOH | 


DYE CONCMTRATIOE ADDED,' EQUILIBEIDM; AMOUNT OE DYE; AMOUNT OP [ 

1 DYE CONCN . ! ADSOEBED . r dye DESOEVED 


I DYE DESOEVED !C, .-C. 

! r P"; Ad de 


2.5g ! lOOg 


2.5g lOOg 


100 

200 

300 

400 

500 

600. 

750 

1000 

1500 

1900 


- 0.314 
0,628 
0.942 
1.256 
1.57 


15.56 

25.12 

37.68 

50.24 

62.8 


1.884 ' 75.36 
2.324 92.96 
3.14 125.6 
4.71 188.4 

5.966 ,238.64 


0.002 

0.013 

0.022 

0.056 

0.07 

0.264 

0.624 

1.39 

2.91 

4.166 


12.48 

1 

J 

0 

1 

0 

24.6 

0 

0 

36.8 

0 

0 

48 

0 

0 

60 

0 

0 

64.8 : 

0.12 

4.8 

68 

0.2 i 

8.0 

70 

0.25 

10.0 

72 

0.3 

12.0 

72 

0.3 

12.0 

-1 


I2.-4S 
34 C 

60 

60 

60 

60 

60 

60 


METHYIME BLUE - KAOLONITE SYSTEM 










METHYLENE BLUE ADSORBED meq/lOOg 



METHYLENE BLUE ADDED meq/lOOg 


OF METHYLENE BLUE - MONT. SYSTEM 


METHYLENE BLUE ADSORBED meq/lOOg 



METHYLENE BLUE ADDED meq/lOOg 


r FIG. 12 ADSORPTION-DESORPTION OF METHYLEE BLUE-KAOL SYSTEM 



B/bauj lAi/X 0001 901 



FIG.13 FREUNDLICH ISOTHERM FOR PHYSICAL ADSORPTION OF METHYLENE 
BLUE - CL AYS SYST EMS , . ' ' , ; 



46 


The adsorption taking place in excess of the C .E £! . 
of the clays, is due to the Vauderwaal * s force of attraction 
between the clay particles and the dye molecules* The experimental 
data for this physical adsorption, follow the Ireundlich Isotherm 
for both the clays (ELg,13)» The constants of the Ireundlich 
equation have been found out from the intercept and slope of the 
fitted straight line on the log-log plott and are givaa in 
Appendix ’A’, 

For the physical adsorption of Methyline blue-Kao Unite 
system, Ereundlich Isotherm is of the form. 


M - ° 


( 1 ) 


Where , I/M = Amount of dye adsorbed per unit weight 
of clay in m.eq/g. 

C = Equlibrium dye concentration in m-.eq 
For Methylene blue - Montmorillonite, it is of the form. 


X 

M 


, 0.253 


14.15 (2) 

The Total adsorption process for Methylene blue- Clay 
systems can be written as , 

Total adsorption = Ion exchange adsorption + Biysical 

■'adsorption. 


For Methylene blue - Kaolinite system , 
= 5 m.eq + 41.6 

100g 


X 

M 


... (3) 
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For Methylene blue - Montmorillonite system-, 


I , ,0 ^ , H.15 


(4) 


In the Ion exchange adsorption the amount cf dye 
adsorbed, is independent of the dye concentration in solution 
and is proportional only to the quantity of clay present. Physical, 
adsorption depends on the concentration of dye remaining in 
solution at equlibrium. 

( 4 . 2.1.1) X-RA.Y OBSERYATIOIirS 


X-ray diffraction patterns of the untreated clay samples 

and also after adsorption-desorption studies were taken with the 

help of G-E-XEID X-ray Diffractometer, with Copper k radiation . 

0 

The basal spacing of the untreated Kaolinite is 7.13 A • 
After adsorption it is 7*3 A° and after desorption , 7.24 A* (lig. 14 ). 
There is practically no difference in the above three values. These 
data suggest that the adsorption of Methylene blue on Kaolinite 
can be considered to be limited only to the exterior surface of 
Kaolinite. Illite which was present as an impurity in the 
KaolijfLte sample also showed the same behaviour, with very little 
ckanges in the basal spacing for all the three types of observations. 

The basal spacing of untreated montmorillonite is 
15.76 A° and this peak is quite ^arp. After adsorption, the 
sharpness and length of the peak reduced appreciably and the peak 
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widened, which suggested that some change is taking place in the 
structure of montmorillonite f (KLg.15)- There is a doubtful peak 
at 24.5 which may or may not fclBply that the adsorbed dye cations 
enter the interlayer of montmorillonite and increase, the basal 
spacing. However, the- montmorillonite occurring as an impurity 
in the Kaolinite sample , showed a slight increase in basal spacing, 
after adsorption. The d-spacing of montmorillonite present in the 
Kaolinite sample is 15.22 A° and after adsorption it is 16.35 A® • 
These data suggest that adsorption takes place, in the interlayer 
between unit layers of montmorillonite, causing the clay to expand. 

(4. 2 . 1.2) DIFPERMTIAL THERMAL AHAIYSIS (P.T.A.) DATA . 

Thermal analysis of untreated montmorillonite and 
Methylene blue-montmorillonite complex after adsorption was carried 
out with the help of DU-POKT-900 Thermal Analyser. The rate of 
heating was maintained at 20°C/min. The thermograms are shown in 
Kig.16. 

The Methylene blue-montmorillonite complex showed a 
characteristic exothermic peak at 595 °C, which was not present in 
the untreated clay .sample. This observation is in close agreement 

(41 

with the results of Ramachandran who observed an exothermic peak 
for the same system at 600°C, He also reported that, from D.T.A 
data and thermogravimetric analysis, this peak occurred due to the 
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oxidation of tlie dye present in the interlayer of montmorillonite. 

Thus interlayer adsorption of Methylene blue on montmorillonite is 
confirmed by D.T.A, There is another exothermic peak at 707^C , 
characteristic of the Methylejsf blue - montmorillonite complex but is 
less intense than the peak at 595^C. The endothermic peak at 550 ®C 
characteristic of montmorillonite occurred in both untreated clay 
and Methylene blue adsorbed clay. 

(4-2.2) SULPUS BIUE - GIAY SISTMS . 

The amount; of Sulfur blue adsorbed on bofh. bhe clay 
minerals is very low as compared with Methylene blue adsorption. The 
maximum amount of Sulfuur blue dye adsorbed in the case of Kaolinite 
is 5-248 m.eq/IOOg as compared with that of Methylene blue - Kaolinite 
of 22 m.eq/IOOg. The corresponding values for Sulfur blue - montmori- 
llonite is 6.56 m.eq/IOOg as compared mth that of Methyl oie blue- 
montmorillonite of 72 m.eq/lOO g. The low values of Sulfur blue 
adsorption on clays is due to the fact that Sulfur blue is an 
anionic dye and the adsorption is due to Anion exchange taking place 
between the dye anion and the inorganic anions present in clays. 

The anion exchange capacity (A.E.G) of Kaolinite and montmorillonite 
have been, reported as 6 and 8 m.eq/lOOg respectively . In the case 
of Kaolinite, the amount of dye adsorbed almost reached the A.E.G value* 
for montmorillonite, about 75^ of the A.E.G was reached before adsorption 
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ceased to occur. For both clays no desorption was found to occixr, 
suggestiiog that the total adsorption process comprises of only Anion 
exchange with no contribution of Physical adsorption. 

(4.2.3) EFEEgl OP pH ON ASSORPTIOK 

H 

The effect of P of the dye solution on adsorption was 
H ' 

studied by varying the P of the aqueous system with lU UaOH, Jt was 

found that the adsorption of Methylene blue increased, with increase 
H 26 

in P . Paruqi showed that this increase in adsorption is due to 

the change in the charge distribution on the exposed surfaces of the 
H 

clays, when the P of the bulk phase is increased. Initially only 

the basal pinacoid surfaces are negatively charged, while the edges 

H 

have positive daarge. In the alkaline range of P , the edges also 
become negatively charged by the substitution of OH ions into the 
structure, thus attracting more dye cations and increasing the adsorption. 
This behaviour was observed for Methylene blue adsorption on both clays, 
(pig.l?). Sulfur blue clays systems did not ^ow any increase in 
adsorption , as the mechanism of adsorption is apparently through 
Anion exchange and hence increased negative surface does not make any 
difference. 

(4.2.4) ADSOBPTIOH OH AOTIVAIED GAKBOH 

The adsorption of Methylene blue and Sulfur blue, on Activated 
carbon proceeded slowly after an initial hi^ rate . The final equli- 
brium was reached after about 7 days. On the first day, the test 



adsorbed meq/g 



LOG X/M 



FIG.18 FREUNDLICH ISOTHERM FOR ADSORPTION' OF DYFS 
ON ACT. CARBON ' 
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solutions were almost continuously agitated and afterwards it was 
allowed to standstill till the ^stem equlibrated. The slow attain- 
ment of equlibrium is due to the granularity of Activated carbon 
and the diffusion of dye molecules throu^ macro and micro pores 
of carbon. 

Methylene blue was adsorbed more easily and in larger 
quantities than Sulfur blue. The probable reasons for this behaviour 
are as follows: 

1. The molecular wei^t of Methylene blue is 320 ishich 
is more than that of Sulfur blue 305. It has been established that 
adsorption increase with increase in the molecular weight of the 
adsorbate, 

2. The solubility of Methylene blue, 1.9g/l ,is less 
than that of Sulfur bine, 3,2g/lin water. The lower solubility of 
Methylene blue in water means that it is more hydrophobic in nature 
than Sulfur blue and hence has greater affinity for the solid phase. 
On the contrary. Sulfur blue has a greater affinity for the Aqueous 
phase and comparatively less affinity towards carbon. 

3. The Methylene blue is positively char.ged and hence 
is easily attracted by the negatively changed surface of carbon. 
Surfur blue is a negatively charged dye and hence is less attracted 
by the carbon surface. 
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The adsorption of both dyes on activated carbon follow 

the Ereujfjdlich Isotherm. (lig.is), 

Por Methylene blue- activated carbon system, the 

0.2 

Preu»aiich isotherm is of the form X = 72.5 0 * , 

M 

Por Sulfur blue - activated carbon, it is of the 


fom , 


X 

M 


17.35 


,0.33 


The experimental data and the constants of the Preimdlich 
equation are given in Appendix 'B' 

No desorption was found to occur for both Methylene blue 
and SulftiT blue - activated carbon systems at room temperature. This 
suggests that chemical bonding takes place between the adsorbed dye 
molecules and the carbon surface, indicating chemisorption. 

(4.3) GOMPMISON OP THE ABSORPTION CiCPACITIES OF 

GIAYMINERIIS AND ACTIVATED CAKBQN . 


The adsorption capacity of Kaolinite, Montm crillonite 
and activated carbon for Methylene blue are 0.22 m.eq/g, 0.72 m.eg/g 
and 0.21 m.eq/g. Prom this data , it can be seen that montonorillonite 
has the hipest adsorption capacity for Methylene blue. Kaolinite 
and activated carbon have almost same adsorption capacities. Ih view 
of the low cost of Kaolinite it can be preferred over the costly 


activated carbon. 



The analysis of the Sulfur blue dye waste is shown 


in Table : 6 



Colour concentration 
Alkalinity 
Total Solids 
Suspended Solids 
Dissclved Solids 


AKAHSIS OP SULFUR BLUE DYE WASTE 


= 11.2 

= 1020 mg/1 

= 6020 mg/1 as CaCO^ 

= 5025 mg/1 

3200 mg/1 
= 1800 mg/1 


The dye waste was diluted to 100 mg/l by distilled 
water and was then treated by clay minerals, activated carbon and lime. 
The percent of colour removal of the dye waste by the above four 
materials are given in Table: 7 

TABLE: 7 PERCMT COLOUR REMOVAL OF SULFUR BLUE DYE WASTE . 


BY VARIOUS MATERIAIS 








60 


(4.6) SIGgIPIGAHCE OF ADSQEPTIQM-PESOBPTIOH DATA IE 
STBEii24 POLLUTIOII SIODIES 

The conclusions of the experiments described above that 
clay rainerals can adsorb increasing amounts of cationic dyes over and 
above their Cation Exchange capacity and that this excess amount is 
readily desorbed in distilled water, lead to some interesting 
speculations. It is well known that clays like Kaolinite and 
ELcntQorillonite fcm the bulk of the suspended load in rivers and 
also are important constituents cf the bottom sediments. The dye \'yaste 
entering a river has, therefore, ample opportunity to come in contact 
with these clay minerals. As the dye concentration increases, the 
clays would remove colour first by irreversible chemical adsorption 
and then by reversible physical adsorption v*ien the C.E.C. is 
exceeded. Under normal circumstances one expects that the clays would 
hold considerable amounts of dye on their surface by physical adsorption. 
This amount would, however, be relea.sed back into the river water 
once the amount of water increases for exaraple, during floods. The 
situation ?/culd be similar to putting the clay minerals with the 
physically adsorbed dyes into a more dilute medium. 

This means, therefore, that the bottom sediments and 
the suspended load can periodically "self pollute" the river water 
although the input of the dye may remain constant. 



(4.7) 


SUGGESTIOHS POE FUrPBE STDDY 


SI 


1 . Study of the effect of orientation and Bize of th 
dye molecule on the effeciency of adsorption by clay rainerals. 

I’ilot plant studies on the adsorption of Basic 
dyes on clay minerals to evaluate the design parameters for 
treatment units for colour removal, 

3. Recovery of dyes frcn dye wastes after 
adsorption on clay minerals. 



CHAPTER; V 
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COHCLUSIOFS; 

On the basis of the present study, the following conclusions have been 

drawn; 

1 . The rate study revealed that adsorption of methylene blue on kaolinite was 
nearly instantaneous and that on montmorillonite was rapid initially and slowed 
down gradually before reaching ec[uilibrium, suggesting interlayer transport of 
the dye molecule. Intra particle transport was found to be the rate limiting 
step in the case of both methylene blue and sulfur blue adsorption on granular 
activated carbon. 

2* Adsorption - Desorption studies of Methylene blue - clay systems revea“ 

led that the adsorption of this dye on both clays occurs in two stages: 

(1) Cation exchange adsorption, till the CEC of the clays is reached 
and is irreversible. 

( 2 ) Physical adscrpticn, in excess of CEC of clays, which was reversible 
and followed Preundlich Isotherm. The dye adsorbed in excess of CEC completely 
desorbed for both clays. 

3. X-ray observations of Methylene blue clay complexs showed that the adsorption 
on kaolinite occurs only on the surface with no change in the baSsl spacing of the 
clay after adsorption and desorption. The adsorption on montmorillohite sugges- 
ted the entry of dye cations into the interlayer. The change in clay stincture 
due to this adsorption was apparently net drastic enc>ugh to produce a detectable 
shift of X-ray peak position. 
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The sharpness and the height of the peaks however went through an unmistakeahle 
reduction. 

4* Differential thermal analysis of Methylene blue-montmcrillcnite complex 

conclusively p3X)ved the presence of dye molecules in the interlayer which are 

r oxidized around 595 giving a characteristic exothermic peak* 

5* The adsorption 

/ of sulfur blue on both clays is due to Inicn exchange* No desorption was found 
to occur, suggesting that the anion exchange adsorption is irreversible* The 
amount of sulfur blue dye adsorbed is less than that of Methylene blue for both 
clays and activated carbon* 

6*. Increase in pH of the aqueous solution increased the adsorption of Methylene 
blue on both clay minerals* Sulfur blue did not show such a behaviour^ 

?• The adsorption of both dyes on activated carbon followed Freundlich Isotherm. 
No desorption of the dyes was found to occur indicating chemisorption of the dyes 
on activated carbon* 

8* Montmorillonite shewed the highest adsorbing capacity for Methylene blue 
Kaolinite and activated carbon have more or less same adsorbing capacity* 

9* The adsorbing capacity of both the clay minerals and activated carben was 
almcst same for sulfur blue* 

10* Adsorption on clay minerals and activated carbon ronoved the cclcur of sulfur 
waste 

blue dyq/by about 42 - 50 and coagulation by lime removed 94 fo of colour. 

11. The results cf the adserption-desorptien studies of Methylene blue on clay 
minerals were extended to the natural water bodies. The possibility of self 
pollution of the stream by desorption of dye from clay surfaces during floods 


was outlined. 
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APPMDIX ’A» 


■ffiEDiroLICH laPTHEB M POR PHYSICiCL ADSOBPTIOH, ^ 
fiiyCESS OF CE G Qg 

blue - M0HT?i^->1^IIXCHITE SYSIM 
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blue ~ K/. 0 I 1 HITE STSTM 
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15.5 

4 

91 

128 

1020 


0.8451 

1.1903 

0.6021 

1.9590 

2.1072 

3.0086 


OP PREUiroUCH ISQTHEEM. 



ADSOBPTIOI SYSTEM 

: ^ 

! 

t 

I 

1 

! 1 

1 

1 

Methylene 

Methylene 

Blue - Kaolinite 

Blue - Montnorillonite 

41.6 

14.15 

0.188 

0.253 



APPSroiX ’B’ 


DATA POR PREDHDHGH ISOTHEBM 


MESHYLME BLUE - ACTIYATED CARBOIT 



84.15 

1 

i 84.15 

15.85 

1.9 

1.21 

124. 88 

1.2 

89.13 ' 

25.12 

1.95 

1.405 

160.19 

1.5 

106.5 

39.81 

2.03 

1.6 

336.9 

2.5 

125.9 i 

63.1 ' 

2.1 

1.8 

402 

4 

100.5 

98 

2.04 

1.9912 


C 

3ULPDR BLUl 

S - /iCTIVAT 

'klD CiiEBOE 



37 

60 

74.88 

84.15 


37 

26.92 

24.63 

20.04 


63 

40 

25.12 

15.85 


1.5682 
1.43 
1.3914 
1 .3018 


1.7993 
1.6C21 
1.4 
1 .2 


JODSTAHTS OP PKEORDIICH ISOTHERI;! 



! 

t 

.iDSORPTIOI SYSTEM 

5 K 

! 

1 1 


T 

! 

I 

} n 

1 - 


Methylene Blue - Activated Carbon 
Sulfur Blue - Activated Carbon 


72.5 

17.35 


0.2 

0.33 









